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I. INTRODUCTION 
The purpose of this study was to determine whether biological a s say  coupons 
could be real is t ical ly  used to predict  the biological burden on a subassembly. 
To examine the validity of this technique, four subassemblies  were  built.  
The subassembly consisted of a printed c i rcu i t  board on which was mounted 
r e s i s to r s ,  capaci tors ,  t rans is tors ,  relays,  modules, and diodes. All  four 
subassemblies  (boards) 
bly a rea .  
were  built in the EASL vert ical  l aminar  flow a s s e m -  
Boards 1 and 2 were  constructed by an a s semble r  d re s sed  in a s te r i le  hood, 
smock, mask, and gloves. Boards 3 and 4 were  constructed while the 
assembler  was wearing s t r ee t  clothes. 
attached to them; Boards 1 and 3 did not. 
Boards 2 and 4 had bio-assay coupons 
When the assembler  mounted a component on the board,  he would remove 
a bio-assay coupon (if attached), forward the coupon for biological assay ,  and 
then mount the component. 
components were  mounted. 
mount the components in a specified sequence. (See F igures  1 and 2 fo r  the 
numbers  of components mounted, 
of the components and crlupons. 
This process  would be continued until all the 
If coupons were  not used, the a s semble r  would 
the sequence of mounting, and the location 
The use of coupons for  the predictions of biological burden has  three  fundamental 
problems:  method of coupon attachment, a r e a  of attachment, and effectiveness 
of the technique. 
A. METHODS O F  COUPON ATTACHMENT 
The methods of attachment examined were  the use  of (1) magnets, ( 2 )  adhesives,  
(3) cements,  and (4) mechanical devices. During this investigation, it was found 
necessa ry  to  consider  the following additional questions: 
1. Does the method of attachment injure the surface to which the coupon is 
attached 
2. Does the method -.f attachment securely anchor o r  fix the coupon 
3 .  Could the coupons be easily removed af te r  attachment 
4. If cements  o r  adhesives are used to attach the coupons, is there  a residue 
left  a f t e r  the coupons have been removed 
5. If a res idue is left ,can it be easily removed without damage to the surface 
to which the coupon was attached 
B. AREAS OF ATTACHMENT 
When selecting representat ive a r e a s  f o r  coupon attachment, the selection of 
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L e t t e r s  d e s i g n a t e  loca t ion  of b i o - a s s a y  coupons ( B o a r d s  Nos. 2 and  4) 
and  a r e a s  of component  a s s e m b l y  on B o a r d  Nos. 1-4 
Figure 2 LOCATION OF BIO-ASSAY COUPONS ON THE PRINTED CIRCUIT 
BOARDS 
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proper  a r e a s  was of p r ime  importance. The coupons should be placed in  a r e a s  
that receive representat ive contact with the environment and the var ious manip- 
ulations being performed. Improper location of the a s say  coupons could yield 
es t imates  of biological burden that could be inaccurate (too high or too low) due 
ei ther  to excessive o r  insufficient contact. 
C. EFFECTIVENESS OF TECHNIQUE 
When determining the effectiveness of the a s s a y  coupon technique in collection 
of the biological burden, it was necessary to compare the efficiency of the a s say  
coupon technique with that of disassembling the subassembly in a horizontal 
laminar  flow work station and bio-assaying each par t  separately.  Ideally, a 
d i rec t  relationship of microbial  population levels should be obtained when com- 
par ing the different techniques. 
a cor rec t ion  factor  might be obtained and applied. 
If a proper  relationship is not demonstrable,  
-4 - 
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11. TEST PLAN AND PROCEDURES 
The experimental  portion of this study was divided into two pa r t s ,  A and B. 
P a r t  A was concerned with (1 )  examining methods of attaching the a s s a y  coupons, 
(2) locating the a s say  coupons, and (3 )  determining the efficiency of the tech- 
nique by comparing the biological burden obtained f rom coupons with that 
obtained when subassemblies were  assayed by removing and assaying the com- 
ponents. Part B was concerned with the estimation of the biological burden of 
the capsule mechanical training model (CMTM). 
of a capsule lander approximately 16 feet in diameter .  
The CMTM i s  a mock-up 
A. PART A :  METHODS O F  COUPON ATTACHMENT, LOCATION O F  COUPONS, 
AND DETERMINATION O F  COUPON EFFICIENCY 
1. Bio-assay Coupons 
The bio-assay coupons were  fabricated f r o m  stainless  s tee l  and were  
made in  two sizes:  1 inch x 2 inches and 2-112 inches x 112 inch, both 
0. 016-inch thick. 
2. Evaluation of Methods of CouDon Attachment 
a. Mechanical Attachment Techniques 
1) Bolts, cl ips,  studs,  channels, magnets, and pins were examined 
as means of attaching the bio-assay coupons to the hardware,  
2) Necessary holes were  dril led in  the subassemblies ,and the required 
hardware fo r  holding the coupons attached to  the subassembly, 
3)  After the coupons were  attached, they were  checked for  f i rmness  
of attachment and ease  of removal. 
4) The subassemblies(printed c i rcu i t  board) and attached coupons were  
subjected to  three  cycles each of dry  heat (175OC, 2 hours)  and E T 0  
decontamination (500+ - 50 mg ETO-F12, 6 hours).  
5)  After the decontamination cycles,  the coupons and subassemblies  
were  examined fo r  possible degradation of material and binding of 
coupons to  the boards.  
6) See Figure 1 for  a n  i l lustration of the pin technique of attaching the 
bi  o - c oup ons . 
b .  Adhesives and Cements fo r  Attachment of Coupons 
1) Cellulose cement,  contact cement, epoxy cement,  rubber cement,  
s t a r ch  paste, Clearseal  (a silicone rubber cement),  cellophane tape, 
and double sur face  masking tape were evaluated, 
- 5 -  
, 
. 
2 )  After the coupons were  attached to the printed circui t  boards,  the 
coupons were  checked for  f i rmness  of attachment and ease  of removal 
3) The coupons and printed circui t  boards were  then subjected to three 
cycles  each  of E T 0  and d r y  heat decontamination. 
4)  After the decontamination cycles ,  the coupons were  re-examined 
fc?r f i rmness  of attachme=* asd ease d remwa!  and tested far s te r i l -  
ity. Steri l i ty testing was performgd by (1) culturing the coupons in 
fluid thioglycollate medium a t  37 C fo r  7 2  hours  and (2)  checking for  
growth. 
5 )  The printed curcui t  boards w e r e  visually examined for residual 
adhesive or cement after the coupons were removed. 
6) The printed circui t  boards were  a l so  examined for  possible damage 
due to the action of the cements o r  adhesives,  
3. Areas  of Coupon Attachment and Effectiveness of the Coupons as a 
Means of Determining Biological Burden 
a) In o r d e r  to  determine the proper  location of the biological a s say  
coupons and the i r  efficiency in  determining biological burden, printed 
c i rcu i t  board assemblies  were built with attached as say coupons. 
1 )  See Figure 2 for  the locations of the bio-assay coupons, and 
Figure  3 f o r  the types of components and their  locations on the 
printed ci rcui t  board. 
2 )  Two of the boards were built in  the EASL facility with the ass-  
embler  and bio-assayer clothed in  s ter i le  smocks, hoods, gloves, 
and masks. Two other boards were  a l so  built in  the EASL, while 
the a s semble r  was dressed  in  s t r ee t  clothes and the bio-assayer  
was .d ressed  in the previously descr ibed s te r i le  garments.  In all,  
four boards were  constructed, two with coupons and two without 
coupons : 
1.Board 1 was built first in  EASL,without coupons,while the 
assembler  and bio-assayer  were clothed in  s ter i le  protective 
clothing. 
- 
2.Board 2 was built second i n  EASL,with attached coupons, while 
the assembler  and bio-assayer were clothed in  s te r i le  protect-  
ive clothing. 
- 
- 6 -  
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C = C a p a c i t o r s  ( s ix  w e r e  used )  R E L  = R e l a y s  ( t h r e e  w e r e  u s e d )  
D = Diodes  (six w e r e  used )  T = T r a n s i s t o r s  ( s i x  w e r e  u s e d )  
MOD = Modules  ( s i x  w e r e  used)  R = R e s i s t o r s  ( s i x  w e r e  u s e d )  
Figure 3. LOCATION AND TYPES OF COMPONENTS USED TO CONSTRUCT 
PRINTED CIRCUITBOARD ASSEMBLIES 1 T O 4  
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3. Board 3 was built th i rd  in  EASL,without coupons,while the 
assembler  was dressed  in  s t r e e t  clothes and the bio-assayer  
was dressed  in s ter i le  protective garments  as previously 
de scribed. 
4.Board 4 was built last in  EASLBwith attached coupons,while 
the assembler  was d re s sed  in  s t r ee t  clothes,and the bio-assayer 
was protectiveiy ciothed. 
- 
b)  Construction of the printed circui t  board assemblies  
1) The following procedure was used to assemble and mount the 
components on the printed circui t  boards: diodes, t rans is tors ,  
modules, res i s tors ,  capacitors,  and relays were  mounted, using 
approved techniques, on the circui t  board. The same sequence 
was used for  all four boards. 
2) As the components w e r e  mounted in a specific a rea ,  the a s say  
coupons (when present)  were  removed and assayed for  aerobic 
mesophilic organisms,  See F igures  2 and 3 for the location of the 
a s s a y  coupons, the location of the construction a reas ,  and the 
components to be mounted. Assembly of all the boards was s ta r ted  
in  A a r e a s  of the biocoupons, then continued to B, C, . . ., a n d ,  
f inzly,  the K, Areas: 
- -  
- 
1.All components, tools, and supplies used in the construction 
process  were decontaminated by exposure to e i ther  d ry  heat 
or E T 0  decontamination process .  
- 
- 2.Air sampling using Reynier Samplers was performed during 
the assembly of Boards 1 to 4, using the procedures  descr ibed 
in  the NASA Prel iminary Standard Procedures  for  the Micro- 
1 biological Examination of Space Hardware. 
3. Biological burden on the assemblers  clothing was determined 
using Rodac plates. 
- 
4.Biological burden to the immediate left and right s ides  of the 
1 assembler  was determined using s ta inless  s teel  fall out s t r ip s .  
- 
5 .  Biological burden on the surface of the work table where 1 
Boards 1 to  4 were built was determined using Rodac plates . 
6.See Figure 4 f o r  the location of samplers ,  a r e a s  sampled,and 
the position of the assembler .  
- 
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Figure 4 SAMPLING AREAS FOR CLOTHING AND COUPON STUDY 
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7. During t h e  assembly of Boards 1 to 4 in the EASL assembly 
a r e a ,  the facility temperature,  p re s su re ,  hunidity, air velocity, 
and microbial  burden (air and su r face )  were  maintained a t  the 
levels prescr ibed  in JPL specification XOY-50543-GEN.2 
- 
3) Correlat ion of the assembly process  and microbial  populations: 
A log was kept listing the assembly processes ,  the a r e a s  on which 
they were  ca r r i ed  out,and the popuiation ieveis found ori each cam-  
ponent.(See Table 1. ) 
4) Disassembly and assay of individual components to determine 
biological burden: 
After the aesemblies  were completed the components were asep-  
t ically removedin a horizontal laminar  flow work station and bio- 
logically assayed for  aerobic mesophilic microorganisms - -as 
descr ibed in the NASA Prel iminary Standard Procedure for  The 
Microbiological Examination of Space Hardware.  
The following general  procedure was used: 
1 
5) A quality assurance  log was kept listing all procedures  car r ied  
our during the constrvction of Boards 1 to 4 in  the EASL facility, 
violations of technique, and other pertinent information. See 
the r epor t  on Task 5 . ,  Clothing Study, Appendix A,  for  the complete 
QA log. 
c )  Comparison of Biological Burden Levels Obtained Using the Coupons 
Technique and the Disassembly Technique 
Total populations and a r e a  populations obtained by the two procedures 
were  compared; attempts were made to cor re la te  burden levels with 
cer ta in  components. A study of the correlation between the two assay  
techniques was made. 
B. PART B: BIOLOGICAL BURDEN ESTIMATES ON THE CMTM HARDWARE 
1. Biological Burden Est imate  
A biological burden est imate  was made on the CMTM hardware subsystems 
and s t ructure  using the swabbing technique as described in Reference 1. 
2 .  Areas  Swabbed 
Areas  swabbed were  the following: 
a)  Impact Limiter  (3  a reas  swabbed) 
b)  Antenna relay canis ter  ( 3  a r e a s  swabbed) 
c )  Parachute  canis ter  ( 3  areas  swabbed) 
d) Payload s t ruc tures  (4 a reas  swabbed) 
- 10- 
TABLE I -
THE BIOLOGICAL BURDEN ON COMPONENTS, BOARDS 1 TO 4, AND THE MANIPUIATIONS 
NEEDED TO MOUNT THEM 
Component 
Capacitor (6) 
Dioder (6) 
Modules (6) 
Relayr (3) 
Reeir torr  (6) 
Tranr i r tor r  (6) 
Board 1 
Biological Burden 
(0) (0) (48*) (3*) (330*) (0) = 380* V. P. 
Board 2 
Manimulationr 
Bend leadr, mount on terminals, solder, 
Bend leadr, mount on terminals, solder, 
Modiiler cer?.ezted on board. 
Two Relayr cemented on board, one 
Bend leadr, mount 'on terminals, solder, 
Bend leade, mount on terminals, solder,  
cut excerr  lead. 
cut excesr lead. 
Relay on board. 
cut excerr  lead. 
cut excerr lead. 
~~ 
Board 4 
Capacitorr (6) ( 0 )  (54) (0) (3) (0) (0) = 5 7  V . P .  
Dioder (6) ( 0 )  (0) (0) (0) (0) (0) = 0 V.P.  
(1) (11 (1) = 3 V . P .  
(1) ( 0 )  ( 0 )  ( 0 )  ( 0 )  (0) = 1 V.P.  
Modules (6) (0) (2) (131) (0) (0) (0) = 133 V.P.  Same a r  Board 1 
~ i%:oy! ( 6 )  
jTranrlr torr  (6)  (0) ( 0 )  (0) (O),(O) ( 9 )  = 0 V . P .  
,;I 
\ 
8 .  The numberr in the component cp).rpn i 
b. The biological burden column l i r t r  the'number of viable particlea per component and the total 
for the componentr. 
c .  The * indicates abnormal situationr that yielded high burden for the particular component. 
See Discureion for an explanation. 
Ic8te the number of componentr used; i. e., dioder (6 ) .  !y 
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e) E l e c t r o n i c s  c h a s s i s  (5 a r e a s  s w a b b e d )  
f )  S t e r i l i z a t i o n  c a n i s t e r  ( 5  a r e a s  s w a b b e d )  
g) D e - o r b i t  m o t o r  (5 areas s w a b b e d )  
* 
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111. RESULTS 
A .  EVALUATION OF TECHNIQUES FOR ATTACHED BIO-ASSAY COUPONS T O  
HARDWARE, SUBSYSTEMS, AND OTHER AREAS T O  BE ASSAYED 
1. Mechanical Means of Attachment 
a. Assay s t r ip s  held in  place by magnets appeared a t  f i r s t  to be 
promir ing  but,upon fur ther  examination of experimental  pa rame te r s ,  
were  rejected for three reasons:  
1) Possible  effect  of magnets on instrument  packages and e lec t -  
ronic gear  were  unacceptable 
2) Assay coupons were  not f i rmly  fastened into position by the 
magnets.  
3)  Not al l  the mater ia l  or a r e a s  to have coupons would hold mag- 
nets  (plastic surfaces ,  etc.  ) .  
b. Assay s t r ip s  held in position with channels. 
not acceptable for  two reasons: 
This technique was 
1) The channels for holding the coupons could not be placed in all 
the areas o r  subsystems that were  to be monitored. 
2) The channels would not be acceptable for  flight hardware 
c .  Assay s t r ip s  held in position with bolts.  This approach was rejected 
fo r  two reasons:  
1) The need for  too many holes to be dr i l led in and through the 
hardware .  
2 )  Bolts tended (in some cases )  to seize up when submitted to the 
d r y  heat decontamination cycle.  
3 .  Assay s t r ip s  held in position with cl ips .  Clips were  not acceptable due 
to the difficulty in attaching them to the surface to be assayed without 
producing damage to the surface.  
e .  Assay coupons held in positon by means  of pins. (See Figure 1 for  
a d iagram of this coupon with pin fas teners .  ) This technique was not 
acceptable fo r  th ree  reasons: 
1) The protruding heads of the pins could puncture the assembly  
worke r ' s  protective gloves. 
2)  The assembler  or  worker  might subconsciously avoid the coupon 
a r e a s  due to the protruding pins .  
3) Holes have to be drilled into the hardware in o rde r  to mount the 
coupons. 
-13- 
2. Cements or Adherives Used to Mount the Assay Coupons 
a. Cellulore cement was found unacceptable: 
1) After the ET0 and dry heat decontamination cycles, the 
coupons were  difficult t o  remove. 
2) A reaidue of ceme3t was left af ter  the coupon was removed. 
b. Clearsea l  (a silicone rubber cement) was found unacceptable a s  
a means of attaching the coupons: 
1) After the ET0 and dry heat decontamination cycles, the coupons 
were  difficult t o  remove. 
2) A residue of silicone rubber was left after the coupon was 
removed 
c. P-ubber cement was found t o  be unacceptable a s  a means of attaching 
the coupons: 
1) After the E T 0  and dry heat decontamination cycles, the coupons 
were  difficult t o  remove. 
2) A residue of rubber was left after the coupons 
were  removed. 
d. Epoxy cement was found t o  be unacceptable a s  a means of 
attaching the coupons : 
1) After the E T 0  and d ry  heat decontamination cycles, the 
coupons were  difficult t o  remove. 
2) A residue of epoxy cement was left af ter  the coupons were  
removed. 
e. Starch paste was found to  be unsatisfactory a s  a means of attaching 
the coupons: 
1) The coupons were not held in position af ter  the E T 0  and d ry  
heat cycle. 
2 )  A residue of paste remained af ter  the coupons were removed. 
f.  Cellophane tape was found to  be unsatisfactory a s  a means of 
attaching the coupons: After the E T 0  and d ry  heat decontamination 
cycle, coupons did not hold f i rmly to  the surfaces  to  which they 
were  attached. 
- 14- 
g. Double-surface masking tape 
of attaching the bio-assay coupons: 
was found to  be a sat isfactory means 
1) The coupons remained f i rmly  attached in place. 
2) The coupons could readily be removed af te r  the E T 0  and dry  
heat decontamination cycle 6. 
3) No residue of adhesive was  observed af te r  the coupons were  
removed. 
4) Steril i ty testing of the coupons and the sur faces  to  which they 
w e r e  attached showed no growth in thioglycollate broth a t  
37°C af te r  72 hours.  
5) Coupons were  easi ly  attached in  a minimum of t ime without 
damage t o  meta l  and plastic surfaces  and did not requi re  
holes, soldering, or  associated procedures  t o  anchor them 
into position. 
B. EVALUATION O F  THE BIOLOGICAL BURDEN ON THE COMPONENTS 
AND BIO-ASSAY COUPONS O F  PRINTED CIRCUIT BOARDS 1 TO 4 
Figure  5 l i s t s  the biological burdens found in the various components and on the 
top and bottom surfaces  of the printed circui t  boards used for the construction 
of Board 1. 
F igure  6 l i s t s  the biological burden found on the various components and on the 
top and bottom surfaces  of the printed curcuit  boards used fo r  the construction 
of Board 2 .  
Figure  7 lists the biological burden found on the various componenets and on 
the top and bottom surfaces  of the printed curcuit  boards used for  the construction 
of Board 3 .  
Figure  8 l i s t s  the biological burden found on the various components and on the 
top and bottom surfaces  of the printed curcui t  bands used for  the  construction of 
Board  4.  
Figures  9 and 10 l i s t  the position and the biological burden recovered f rom 
coupons A to K on Boards 2 - -  
Table I1 l i s t s  the niological burden found on the various componenets and on 
the top and bottom su r faces  of the printed circui t  used for  the construction of 
Boards  1 to 4 .  
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TABLE I I  
BOARDS 1 TO 4 
Arscmbler in Sterile Garments 
Board 1 Board 2 
Capacitor 1 0 0 
2 0 0 
3 404’ 0 
4 3 0 
5 3 3 0: 0 
6 0 0 
Diode 1 0 0 
2 0 0 
3 0 0 
4 0 0 
5 0 0 
6 0 0 
Module 1 0 0 
2 0 0 
3 0 0 
4 0 0 
5 0 0 
6 1 0 
R e  lay 1 0 0 
2 0 0 
3 360* 0 
Resirtor 1 0 0 
2 0 0 
3 0 0 
4 0 0 
5 0 0 
6 0 0 
Transietor 1 0 0 
2 0 0 
3 0 3 
4 0 0 
5 0 0 
6 0 0 
Surface. 
TOP 0 0 
Bottom 0 0 
Total 4 3 
Valve8 Viable Vi8ble 
Particlee Particles 
Assembler in Street Clothes 
Board 3 Board 4 
0 0 
3 5 4  
201 G 
0 3 
61 0 
0 0 
0 0 
4 0 
1 0 
0 0 
0 0 
39 0 
25 0 
102 2 
1 5 0  13 1 
0 0 
0 0 
369 0 
0 1 
0 1 
0 1 
0 1 
1 0 
0 0 
0 0 
0 0 
1 0 
0 0 
0 0 
0 0 
0 0 
1 0 
0 0 
5 0  3 
49 1 
1065 197 
Viable Viable 
Particlee Particle s 
*See DimcuBBion for explanation of value.. (They are considered not valid. ) 
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R I  
7 7 I0530 N u m b e r s  i n  c i r c l e s  i nd ica t e  b u r d e n  on c o m p o n e n t s  
Swab 1 t o  s u r f a c e  of b o a r d  = 0 
Swab 2 b o t t o m  s u r f a c e  of b o a r d  = 0 
C = C a p a c i t o r  (six w e r e  used )  REL = R e l a y  ( t h r e e  w e r e  u s e d )  
D = Diode  (six w e r e  used )  T = T r a n s i s t o r  (six w e r e  u s e d )  
MOD = Module (six w e r e  used )  R = R e s i s t o r s  (six w e r e  u s e d )  
*See d i s c u s s i o n  f o r  a n  exp lana t ion  of t h e s e  v a l u e s .  
Figure 5. BIOLOGICAL BURDEN ON COMPONENTS OF BOARD N Q  1 
(COMPONENTS ONLY) AEROBIC MESOPHILIC MICROORGANISMS -- 
ASSEMBLER CLOTHED I N  STERILE GARMENTS 
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R I  
'7110540 N u m b e r s  i n  c i r c l e s  i nd ica t e  b u r d e n  on componen t  
Swab 1 t o p  s u r f a c e  of b o a r d  = 0 
Swab 2 b o t t o m  s u r f a c e  of b o a r d  = 0 
C = C a p a c i t o r  ( s ix  w e r e  used)  R E L  = R e l a y  ( t h r e e  w e r e  u s e d )  
D = Diode ( s ix  w e r e  used )  T = T r a n s i s t o r  ( s i x  w e r e  u s e d )  
MOD = Module ( s i x  w e r e  used)  R = R e s i s t o r s  ( s i x  w e r e  used) 
Figure 6 BIOLOGICAL BURDEN ON COMPONENTS OF BOARD NO. 2 (COMPONENTS 
AND COUPONS) AEROBIC MESOPHILIC MICROORGANISMS -- ASSEMBLER 
CLOTHED IN STERILE GARMENTS 
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f 
L 
L 
L 
W 
'71056D Numbers i n  c i c l e s  indicate burden on component 
Swab 1 top surface of board = 3 
Swab 2 bottom surface of board = 1 
C = Capacitor ( s ix  were  used) REL = Relay (three were  used) 
D = Diode (six were  used) T = Transistor ( s ix  were  used) 
MOD = Module ( s ix  were  used) R = Resistors  ( s ix  were  used) 
Figure & BIOLOGICAL BURDEN ON COMPONENTS OF BOARD NO.4 (COMPONENTS 
AND COUPONS) AEROBIC MESOPHILIC MICROORGANISMS -- 
ASSEMBLER CLOTHED I N  STREET GARMENTS 
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. 
4 3 Lab 
A c c ide nt 
N o  Count 
B 
- 
3 
G 
H 
lo 
K 1 
'a 
J 
7710570 
The c irc led  number in each coupon indicates the number of viable 
%ee discuss ion for an explanation of these valves  
particlee per coupon 
Figure 9. BIOLOGICAL BURDEN LEVEL FOUND ON B D A S S A Y  COUPONS A TO K 
DURING THE CONSTRUCTION OF BOARD NO. 2 
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. 
r@ 
B 
E "I G 
A 
- 
F- 
J 
- 
C 
c 
0 
D I 
I 
7 71 0580 
The c i rc led  number in  each coupon indicates the number of viable par t ic les  
per coupon 
Figure IO. BIOLOGICAL BURDEN LEVEL FOUND ON 810-ASSY COUPONS A TO K 
DURING THE CONSTRUCTION OF BOARD NQ 4 
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V 
Table I11 l i r t r  the biological burdenr found on coupons A t o  K on Boards 2 and 4. - - 
Table IV l i r t r  the sur face  a r e a s  and burden of coupons and components on 
Board 2. 
Table V l i r t r  rurface a rea8  and burdens of coupons and component8 on Board 4. 
Tables VI, VII, VIII, and IX list the biologicai burden ieveis for iztremural a i r ,  
a s semble r s  clothing, the a r e a s  to  the immediate left and right of the aseembler ,  
and on the assembler8  work table. 
Tables X and XI list the biological burden found on the sur faces  of the CMTM 
by swabbing and then culturing on TSA a t  32.C. 
F igurer  11 to  16 i l lust rate  the structure8 of the CMTM and their  a r e a s  
assayed for  biological burden. 
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Y 
Coupon A 
Coupon B 
Coupon C 
Coupon D 
Coupon E 
Coupon F 
Coupon G 
Coupon H 
Coupon I 
Coupon J 
Coupon K 
TABLE I I I 
BIOLOGICAL BURDEN LEVEL FOR 610-ASSAY COUPONS USED WHILE 
ASSEMBLING P. C. BOARDS 2 AND 4 
Board 2 
0 v. P. :I: 
Dropped through EASL 
Floor Grating 
1 V.P.::: 
75@v. P. *< 
3 v. P. :I: 
0 v. P. =: 
O V . P . *  
63@V. P. :: 
0 v. P. :% 
0 v. P. :: 
0 v. P. :x 
‘::v. P. = Viable Particle 
Board 4 
47 v. P. * 
0 v. P. :: 
0 v. P. ;: 
3 v. P. :: 
0 v. P. ;: 
0 v.  P. : 
1 V.P.>I: 
0 v .  P. % 
3 v. P. :: 
0 v. P. 2: 
0 v p . :: 
@ = See discussion for explanation of these values. 
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TABLE I V  
SURFACE AREAS AND BURDENS OF COUPONS AND COMPONENTS ON BOARD NO. 2 - 
1. Surface a reas  of coupons on Board 2 
6 coupons, 2-  x 1-inch = 12 in 2 
2 coupons, 2- x 1-inch = cantaminated 
2 coupons, 2- x 112-inch = 2 . 5  in2 
Total surface area for coupons = 14. 5 in 2 
2 
2. 
3. Biological burden 
Biological burden for 14.5 in of coupon was 4 V. P. * 
per in2 of coupon =[=I 
Total surface area of components and surfaces on Board 2 
6 capacitors 
6 diodes 
6 modules 
2 3 relays 2.56 i n  = 7.68 
6 resistors 0.08 in2 = 0.48  
4. 
0.6 in2 = 3.60 
0.14 in2 = 0.84 
2.25 in 2 = 13. 50 
2 6 transistors 0.2 in = 1.20 
Total surface area of 
2 surfaces 
(top and bottom) 
components = 27.30 in 2 
36.8 in  2 = 73.60 in 2 
2 Total surface area for 
components and board = 100.90 
5. Biological burdens on components of board 2 = 3 V.P.:: 
I 
6. 
7. 
Biological burden per in2 of components 4 0. 11 V. P. 4 
Biological burden per in2 of components 
and top and bottom surfaces of board =TO. 0275 V,P. ;k1 
V. P. * = Viable particles 
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TABLE V 
SURFACE AREAS AND BURDENS OF COUPONS AND COMPONENTS ON BOARD 4 
~~ 
1. 
2. 
3. 
4. 
Surface a r e a s  of coupons on Board 4 
8 coupons, 2- x 1-inch, = 16 in2 
3 coupons, 2-1/2- x 1/2-inch, = 3.75 i n  2 
Total tiurface a r e a  for coupons = 19.75 in2 
Biological burden for 19. 75 in2 = 54 V. P.* 
Biological burden per in2 of coupon =12. 73 V. P. * I 
Total surface a r e a  of components and surfaces  of Board 4. 
6 capaci tors  0 . 6  i n  2 = 3 . 6 0  
6 diodes 0 .  14 in2 = 0.84  
6 modules 2. 25 in2 = 13.54 
3 re lays 2. 56 in2 = 7 . 6 8  
6 r e s i s to r s  0 .  08 in2 = 0 .48  
6 t r ans i s to r s  0 .2  in2 = 1.20 
Total surface a r e a  of components = 27. 30 in 2 
2 Surfaces (top and bottom) 3 6 . 8  in2 = 7 3 . 6 0  in 2 
Total  surface a rea  of components and board = 100. 90 in 
5. Biological burden on components of Board 4 = 194 V. P. * 
6. 
7. 
Biological burden per in2 of components = I 6 . 6  V .  P. * 1 
Biological burden per in2 of components 
and top and bottom surface of board = 
*V. P. = Viable particles.  
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L*>c-half hour before start  
11r.t h w r  
Sa< ow3 hour 
Third hour 
Fourth hour.end or ammcmbly 
t S l l t  3 Smte 10 Si te  I 3  0 0 0 0 0 0 
0 0 0 
0 
0. 067 
0 . 0 6 7  0 . 0 1 6  
0.100 0.00) 
_____~- ~ _. ~ 
~ 
Smock Smack 
Hem Shoulder Giovei 
0 0 
0 0 
_ _ _  
.__ 
0 0 5 06 
Right Snde of A..embler 
Smock T r o u s e r  -Smock Smock Smock 
Sleeve Cuff Chc i t  Hem Shoulder Clove. 
0 0 0 0 0 
0 0 0 76 76 _ _ _  
- _ -  
0 684 I 5 2  607 I102  3 8  
T*m. spore. Vegctatlve Cell. Total count 
Control .  0 0 0 
Thkrd hour I 
Left Side of A..emblor 
sate I s i t e  2 Time 
Control. 0 0 
Start 0 0 
Fivs t  hour  7 0 
Thtrd hour 0 7 
Fourth hour..nd of am.embly 7 I4 
site 1 
0 
0 
0 
I 
14 
TABLE V I  -
BIOLOGICAL BURMN FOUND DURING THE ASSEMBLY OF BOARD NO. 1 
Date Ammcmblrd: 6 Drccrnb. I 1966 
Dale Aeaaycd: I 2  Dccembrr  1966 
A...ye~.: A G . J B , F S 
l n l r i m u r i l  Air (Reyruer Sampler) 
D l l l  
Smock 
Chc.1 
__ 
0 
?8  
0 
- 
506 76 
I O 8  1 O Foorth hour end of a..cmbly 
Spore. Ve~CtatIYC Cell. 
0 0 
0 0 
0 0 
48  4a 
0 
s t a r t  
F i r s t  hour 
Fourth hour, 
end of a..cmbly 0 0 l o  0 
I I I 
Biological Burden Surface Work Tablo 1Rod.c Plates) 
Right Side of Aascmblcr  
Snte I 
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Tinic Site 1 
0. 016 Ow-hal f  hour before .tart 
TABLE V I  I 
BiamicM BURMN FOUND DURING w ASSEMBLY (x BOARD ~ 0 . z  
Site 10 Site I 3  
0 0 
i Third  hour 
Fourth hour  af te r  .tart 
1 F i r s t  hour  
I , 5.1ond hour 
0 0 0.016 
0 0 0 
0 
0 
Ches t  
0 
76 
I8 
0 . 0 5  
0.01 
Hem Shoulder Clovc Sleeve Cuff Chest Hem Shoulder Clove 
0 0 _ _ -  0 0 0 0 0 _ _ _  
0 0 38 228 16 0 38 3 8  0 
266 18 0 2 0 5 2  18 76 646 18 3 8  
0 
0 .016 
Smock Smock Smock Smock Trouser Smock Smock Smock 1 
Cldhing  B N O I O ~ I C ~ I  Burden (Rodmc Plate.) 
Aerobic Me.oohilie Viable P . r t i c l e s / f t 2  
Left Side of >..emblcr I RiRht Side of Assembler I 
~~ ~ 
Left Side of Assembler  
T i m e  
Control. 
s t a r t  
F i r s t  hour 
Thi rd  hour 
End of Ameernbly 
spore.  
0 
0 
0 
0 
0 
Vcget.t,ve Cel l .  
0 
0 
0 
0 
0 
Total Count 
Ri ih t  SIde of Anmembler 
t h r e e  strrp.) 
Total Count 
Biologics1 Burden Surface Work Table IRodac Plate.) 
Aerobic Mesophilie Viable R r t i c l e . l f t Z  (count. average of five Rodac P1ate.l 
I Right Side of Amsemblar Left Side of Am.ernb1.r 
Time 
Control. 
%.,I 
F i r s t  h a t  
Thi rd  hour 
Four th  hour,end 
of assembly  
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TABCEVIII 
BIOLOGICAL BURDEN FOUND DURING THE ASSEMBLY OF BOARD NQ3 
Time 
Cn.-hLII hour belorc mlart 
First  hour 
Second hour 
Third hour 
Fourth hour after  ~ 1 . ~ 1  
t- 
Dale As.rmbled. 12 b c e m b s r  19h6 
Dale Aseayed: I 3  Dzcembcr 19h6 
A..ayeri G . C . M .  J . B ,  E . S  
51,c 1 SLI. IO S l l r  I 3  
0 0 0 
0 .  I? 0 
0 0 
n 0 
0 0 I- 
End of 
fourth hour 
I Left Side of Amacmber 
266 152 
I R i e h f  Side of As.cmblcr 
Tlms Sil. I 
Control. 0 
St.rt 0 
Fxr.1 hour 7 
Third hour 0 
Fourth hour 14. 0 
end 01 a..=mbly 
s,1. 2 S i l C  3 Sltc 4 
0 0 0 
0 0 0 
7 0 0 
0 7. 0 0 
14 I4  0 
114  7 2 2  h46 1443 22R 180 
Rlolopicr l  Burden Bcstdc Asecmbler  (Stalnlcss Sicel Strip.) 
142 1 1 . 2 9 4  
Spore. 
0 
96 0 
I 4 4  
394 
v...1.,;.t Ccll. 
0 
I 4 4 0  
179. 056 
69. 606 
0 
TM.1 Count 
0 
2 . 4  10' 
I . R .  105 
7 .  o x  l o 4  
n 
Spore, 
0 
0 
0 
0 
48 0 
B ~ o l a g i c a l  Burden Surface Work Table (Rodac  Pla1c.I 
9 . 6  I O ?  
1 . 7 ~ 1 0 ~  
9. h x I O 3  
I. 7 io4 
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c 
c 
TABU I X  
BIOLOGICAL BURDEN FOUND DURING THE ASSEMBLY OF BOARD NQ4 
A.icmblcr: O . C . H .  
A..cniblcr: Riiht handed 
Clothing. Street c lothes 
Date Assembled I 4  0errmht.r  1'160 
Dale A..ayeq 15 k c e m b e r  Inbh 
Assayrrm C . C  M , J R . .  i, 5 
I F1r.1 hour 0 0 0.016 
Sleeve Cuff Chest 
St.rt 
End of 
firm1 hour 
End of 
fourth hour 1 1 1  266 304 2 6 6 0  6 R 4  3 4 2  60R j 494 1 4 I R  I 9 0 0  494 I 3 4 2  
n b l e r  
VCgCt.tl". Cel l .  T d a l  Count veget.LL"c Cell. Total Count 
2 . 4  I 102 
1 . 7 5  I IO' I .  15 x I O '  
n . 0 ~ 1 0 3  8 . 0 ~  
4 . 0  x 102 4 . 0  I 102 
0 
R 104 
4 . 8  I I 0 2  
1 . 4  I 10' 
3 io5  
0 
8 I I O '  
4.8 I 1 0 2  
2 . 9  I lo5 
1.4  I 10' 
B 
Aerobic 
Left Sade of A..cmbler 
Site I 
0 
0 
0 
0 
0 
Right Side of A..cmbler 
site 4 
0 
0 
0 
0 
Site 2 I Time S l t C  3 
0 
0 
0 
0 
Cant ro1. 
St.rt 
Fire1 hour 
Third hmr 
Fourth hour 
end of ....mbly 0 0 
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7710590 
Figure 11. AREAS ASSAYED ON THE IMPACT LIMITER 
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Y A X I S  
7710600 
I 
-x A X I S  
TOP VIEW i 
- Y  AXIS  
(PARACHUTE 
CAN I STER) 
ASSAY 
BOTTOM SURFACE 
ASSAY a - VIEW FOR SITE I X A X I S  
(RELAY 
ANTENNA) 
d / 
Figure 12 AREAS ASSAYED ON THE PARACHUTE CAN AND RELAY ANTENNA 
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RE-ORDER No. 6 7+7 
- Y  AXIS  
I X AXIS 
Figure 13. AREAS ASSAYED ON THE PAYLOAD STRUCTURE 
-35- 
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Figure 14 AREAS ASSAYED ON CHASSIS NO. 6 
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Figure 15. AREAS ASSAYED ON THE STERILIZATION CANISTER AND DOLLY 
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IV * DISCUSSION 
The a s s e m b l y  of Boards  1 and 2 in EASL w a s  p e r f o r m e d  by the w o r k e r s , d r e s s e d  
i n  s t e r i l e  pro tec t ive  clothing. 
w a s  genera l ly  obtained f r o m  each of the components  and  b io-assay  coupons 
e v e r ,  on Board  1 capac i tor  3 (48 viable p a r t i c l e s ) ,  capac i tor  5 (330 viable  
p a r t i c l e s ) .  and r e l a y  No.  3 (360 viable p a r t i c l e s )  had what appeared  to  be a n  
excess ive  bioiogical burden .  The b io-assay  C O ~ C R S  H (630 viable p a r t i c l e s )  
and  D(750 viable p a r t i c l e s )  on Board  2 a l s o  had what appeared  to be a n  e x c e s s i v e  
bi 010 gic a1 bur  den.  
A low biological burden  (0 to  3 viable p a r t i c l e s )  
How- 
Before at tempting t o  c o r r e l a t e  biological burden  on piece p a r t s  with that on 
the  b i o - a s s a y  coupons, the Quality Assurance  
if the burden  on c a p a c i t o r s  3 and 5, re lay 3 ,  and biocoupons H and D w e r e  due to 
a b n o r m a l  s i tuat ions such as laboratory acc ident  o r  a nonrepresentz  t ive violations 
of asept ic  p r o c e d u r e .  
w a s  being built ,  a violation of technique o c c u r r e d .  
glove top w a s  not cover ing  his  cuff a s  p r e s c r i b e d  in the approved d r e s s i n g  tech-  
nique. This  m e a n t  that  the a s s e m b l e r ' s  b a r e  w r i s t  was  exposed to the envi ron-  
m e n t .  F u r t h e r  examinat ion of the Quality A s s u r a n c e  log revea led  tha t  the 
a s s e m b l e r ' s  w r i s t  had touched the a r e a  w h e r e  the capac i tors  w e r e  being 
mounted. 
a ted  capac i tors  3 and 5. 
Log w a s  examined to  d e t e r m i n e  
The Quality Assurance  log revea led  that while Board  1 
It w a s  noted that the a s s e m b l e r  s 
It w a s  t h e r e f o r e  a s s u m e d  that the a s s e m b l e r ' s  b a r e  w r i s t  contamin-  
In the c a s e  of r e l a y  3 ,  the Quality Assurance  log noted that  t h e r e  was  c o n s i d e r -  
ab le  difficulty in removing it f o r  b i o - a s s a y f r o m B o a r d  2. Relay 3 w a s  bolted in 
p lace  and during the p r o c e s s  of removal ,  t rouble  w a s  encountered while r e m o v -  
ing the bol t s .  An excess ive  amount  of manipulation was  employed. 
t h e r e f o r e  a s s u m e d  that  high burden  on r e l a y  3 w a s  due t o  the excess jve  handling 
in  the biology 1abora.tory. The Quality A s s u r a n c e  log a l s o  revealed that the b u r -  
d e n  on biocoupone H and D w a s  due to a n  a s s e m b l y  accident .  
accidental ly  j a r r e d  loose f r o m  i t s  proper  posi t ion and w a s  on top of coupons H 
and  J .  Coupon D w a s  placed in  i t s  p roper  posi t  ion by the a s s e m b l e r , w h o  used  
a p a i r  of f o r c e p s  which w e r e  not s t e r i l e .  
burdens  on the two coupons w e r e  due t o  the contaminated f o r c e p s .  
It w a s  
Coupon D w a s  
It w a s  therefore  a s s u m e d  that the 
C o m p a r i s o n s  w e r e  made  of biological burden  on the coupons of Boards  2 and 4 
w i t h  the burdens  f r o m  components on B o a r d s  2 and 4.  A relat ionship d o e s  a p p e a r  
t o  exist between the burden on coupons and that on components .  F o r  example ,  
coupons which usual ly  had biological burden  w e r e  removed f r o m  areas which 
h a d  biological burden;  and conversely,  coupons which usually yield z e r o  burden 
w e r e  removed f r o m  a r e a s  whose components usual ly  had z e r o  burden .  
T h e  coupons general ly  del ineate  a r e a s  of burden  v e r s u s  a r e a s  of non-burden. 
F o r  p u r p o s e s  of burden location, the coupons,  therefore ,  could be cons idered  
s a t i s f a c t o r y .  
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When comparing quantitative determinations of burden with the coupon technique 
with that of individual piece pa r t  assay,  the coupon technique was found to be 
variable in response.  
square inch of coupon was  0.3 viable par t ic les ,  while the burden for  a square 
inch of component was  0. 11 viable particles. 
comparison were  made for  2 aquare inches of component and board surface 
(top and bottom), the value would be 0. 027 viable particles.  
It should be noted that the burden level per square inch for  coupons was almost 
th ree  t imes  g rea t e r  than that for components, and almost  10 t imes  g rea t e r  for  
that  of components and board surface,  The resu l t s  obtained f rom the Board 4 
study a l so  revealed a variation of response. The biological burden per  square 
inch of coupon was  2 .  73 viable particles,  while the burden per  square inch of 
components was  6.6 viable particles.  (See Table V. ) If the same comparison 
w e r e  made for  a square inch of component and board surface (top and bottom), 
the value would be 1. 77 viable particles. (See Table V. ) It  should be noted 
that the burden pe r  square inch for  coupons was  approximately 1 /3  that of the 
component. Also, when a comparison was  made of burden per square inch of 
coupon against  that of components and board surfaces  (in2), the coupons had 
approximately 1-1/2 t imes  more  burden than the components and board sur- 
faces .  
F o r  example, on Board 2 the biological burden per 
(See Table IV. ) If the same 
(See Table IV. ) 
In the process  of evaluating the data for Boards 1 to 4,i t  was decided not to 
include the data f r o m  Board 1 with that of Board 2,and the data of Board 3 
with that of Board 4 .  Boards 1 and 3 were  built without coupons It was felt 
that  there  would be sufficient difference in biological burden between the boards.  
that  averaging the values of Boards 1 with 2 and Board 3 with 4 would not be 
valid.  
Since the resu l t  obtained with the coupon technique was variable,  it  was decided 
to  assay  the pa r t s  of the CMTM f o r  biological burden with a swabbing technique 
It should be noted that the assays  were performed on the CMTM when i t  was 
exposed to an uncontrolled environment. 
The sur face  biological burden on the different par t s  of the CMTM hardware 
var ied  f r o m  a low of 0 recovered Aerobic Mesophilic organisms/ f t2  to  6 ,  600 
2 Aerobic Mesophilic organisms / f t  . Str ic t  interpretation of the levels obtained 
cannot be made, since we do not have a n  adequate number of biological a s says  t o  
indicate that the biological burden levels obtained were real is t ic .  In addition, 
w e  do not have an  exact measurement of total surface a r e a .  
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V. CONCLUSIONS 
1. Areas  of biological burden can be determined by the use of biocoupons. 
2. The resu l t s  of the quantitative determination of biological burden, using 
the bio-assay coupon technique, was found t c  be variable based on the 
information evolved from this study. 
3 .  Additional studies on the efficacy of the bio-assay coupons a s  a means of 
quantitative biological burden determinations a r e  required.  
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VI .  R E  COM ME NDA TI0  NS 
1 .  Additional s tudy  on the  bio-assay coupon technique is r e c o m m e n d e d  
2 .  Additional study on the  de t e rmina t ion  of the biological bu rden  of the 
C M T M  is r e c o m m e n d e d .  
I 
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